Objectives: to review the literature concerning the early and late vascular complications of lumbar disc surgery. Methods: using the MEDLINE database, we reviewed all reports of vascular complications associated with surgical excision of a prolapsed disc via a posterior approach reported in the English literature since 1965. Results: we identified 98 cases of vascular complications for an incidence of 1±5 in 10 000 disc operations. Early presentation is shock due to rupture of a large retroperitoneal vessel. Late complications include development of pseudoaneurysms and arteriovenous fistulas. Treatment of a vascular tear consisted mainly of primary suturing of the injured vessel. The preferred method for arteriovenous fistula and pseudoaneurysm repair was suturing from within the arterial lumen along with interposition grafting. Recently, endovascular techniques have been recommended, lowering the high morbidity and mortality related to conventional repair. Conclusion: iatrogenic vascular injury during lumbar disc surgery, although rare, should be suspected if signs of circulatory instability are noted or if lumbar pain, leg oedema or high output cardiac failure develop months to years following such surgical procedures. However, these symptoms may arise during or immediately after surgery, requiring immediate intervention.
Introduction
During the period 1990±2001, 2590 patients were operated on for disc herniation in our institution. Vascular injury was detected in one patient, giving an incidence of 0.04%. The patient presented with postoperative shock due to left common iliac artery disruption. We present a review of the literature regarding vascular complications following lumbar disc surgery, and present our experience.
Material and Methods
We searched the MEDLINE database since 1965 using multiple combinations of the following search terms:`D isc'',``Lumbar disc'',``Disc herniation'',``Lumbar disc surgery'',``Disc prolapse surgery'',``Lumbar discectomy'',``Vascular injury'',``Iatrogenic trauma'',``A rteriovenous fistula'',``Pseudoaneurysm'' and`E ndovascular''. We included all the studies reported in English since 1965, employing a posterior surgical approach. We excluded studies reported in other languages and those with anterior surgical approach.
The types of vascular injury, the clinical presentation and the surgical techniques used in the management of these cases are presented. Information regarding level of disc space pathology, type and site of the injury, symptomatology, method of repair, morbidity and mortality was extracted. Since all of the above points were not addressed in every reference, percentage representation is attained from the available data.
Results

Case report
A 55-year-old male was operated on for a symptomatic right-sided disc herniation at L 4 ±L 5 and L 5 ±S 1 intervertebral spaces, confirmed by magnetic resonance imaging. On operation, which was carried out at the knee-elbow position, a routine double discectomy was performed. Neither bleeding nor detectable perforation of the anterior wall of the disc occurred. Shortly after this procedure, the patient developed pallor, tachycardia, hypotension and marked abdominal distention. Emergent laparotomy revealed a large retroperitoneal haematoma created from a 2 cm long laceration on the posterior aspect of the left common iliac artery, about 1 cm distal to the aortic bifurcation (Fig. 1) . The haematoma was evacuated and the arterial injury was repaired by excision and interposition of an 8-mm polytetrafluoroethylene graft. The postoperative course was uneventful and the patient remains in good condition 6 years later.
Literature review
Including the present case, 99 patients suffered vascular injury as a complication of lumbar disc operation.
The type of injury was laceration in 30 cases (30%), arteriovenous fistula (AVF) in 66 cases (67%), of which 14 cases were combined with pseudoaneurysm, and pseudoaneurysm in three cases (3%) ( Table 1 ).
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We noted that each level of operation was associated with increased frequency for injury of a specific vessel (Fig. 2) . Proximal (L 3 ±L 4) level was associated with injuries predominantly to the aorta and the inferior vena cava, while iliac vessel injuries were seen mainly with L 4 ±L 5 and L 5 ±S 1 space surgery. 5, 8 Also injury to L 4 lumbar artery, internal iliac vessels, 5 median sacral, 9 the inferior mesenteric 1 and the superior rectal artery 10 have been described. The time delay from discectomy to recognition is summarised in Table 2 . Generally, lacerations became symptomatic intraoperatively or in the early postoperative period, while arteriovenous fistulas were identified as late as 11 years postoperatively, on average more than a month postoperatively. 6, 11, 12 Two patients with pseudoaneurysms were diagnosed at 2 and 2.5 years respectively, while the third at the 5th postoperative day. 13±15 Fourteen patients with pseudoaneurysm combined with AVF were diagnosed with a mean time interval of 2.1 years. In two cases (2%) the diagnosis of the fatal vascular injury was made at autopsy. 6, 16 The clinical presentations are listed in Table 3 . The most common signs and symptoms of vascular lacerations were hypotension (77%), tachycardia, wide pulse pressure, trauma bleeding (53%) and abdominal distention (20%) during or shortly after the operation. Chronic AV fistulas mimic congestive heart failure accompanied by an abdominal bruit and leg oedema. 17 Late pseudoaneurysms manifested with a new onset of lumbar pain, recurrence of neurological symptoms in lower limbs or gait disturbance. 9, 13, 14, 18 In one patient the pseudoaneurysm was located in the disc space whereas the disc had been excised.
14 Fourteen additional patients (14%) had a pseudoaneurysm coexistent with an AVF and in one of them a pulmonary embolus arising from the false aneurysm entered the venous system via the fistula. 3 Three single AVFs were also responsible for pulmonary embolism. 4, 5, 19 Thirty patients (30%) were noted to bleed from the disc space during operation, among which 16 had laceration and 14 had AVF.
Ten patients died, giving an overall mortality rate of 10%. 1, 6, 9, 13, 16, 19 The mortality rate for lacerations was 20% and 38% in case of aortic lacerations. The mortality rate for AVF was 5 and 0% for pseudoaneurysms. The previous reported overall mortality rate was 15±65%. 20 However, we must take into account that fatalities most likely tend not to be published.
The most common surgical techniques for repair of these complications are listed in Table 4 . These included techniques of primary suturing, interposition grafting, excision with end-to-end anastomosis, suturing from within the vessel, patch angioplasty, ligation and endovascular embolisation or stent-graft placement.
Discussion
Awareness of the types of vascular injury occurring during excision of a prolapsed disc and early detection of these are of importance every time a vascular surgeon is called urgently to handle such a lifethreatening lesion.
Prevalence
The prevalence of vascular complications during lumbar disc surgery is reported to vary between 1 and 5 per 10 000 disc operations. 16 In our series the prevalence was 1 in 2590 consecutive procedures. The first case was reported in 1945 upto 1984 200 cases of simple or multiple vascular injuries had been reported in the world literature.
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Risk factors
A vascular injury is not necessarily correlated with poor operative technique during disc removal. A number of factors contributing to increased risk for such injury have been indicated (Table 5 ). The neurosurgeon must recognise these factors, but even in experienced hands, with none of the former conditions present the threat of vascular iatrogenic injury is present.
Pathogenesis
The causative process for such an injury is a deep bite with the pituary rongeur beyond the anterior spinal ligament. 3 Removal of a prolapsed disc is usually performed in the L 3 ±L 4 , L 4 ±L 5 and L 5 ±S 1 disc spaces via posterior or anterior approach. It is known that the aortic bifurcation and IVC confluence occur at or below L 4 separated from L 4 ±L 5 disc space only by the anterior spinal ligament. 22 Thus, a broad vascular bed is formed at this level, vulnerable to injury. Knowledge of the anatomy is essential since the vascular lesion can be identified having in mind the level of the operation, the angulation of the biting instrument and the side of the disc that was evacuated when the bleeding occurred. 29 The injuries during lumbar disc surgery result in vascular laceration or late complications such as AVF or pseudoaneurysm formation, although the formation of an AVF may sometimes be of acute onset. 20 Arterial perforation leads to rapid exsanguination. Venous injury if small, may go undiagnosed contributing to underestimation of the prevalence of this complication. 6, 30 In addition, it may be aetiologically involved in the development of postoperative deep venous thrombosis (DVT). 5 Arteriovenous fistula may be formed immediately, if the laceration includes both arterial and venous tear. Arterial haemorrhage evacuates via the venous defect leading to small or absent trauma bleeding or retroperitoneal haematoma. 4, 31 Hypotension may also be absent due to the fact that no blood leaves the vascular compartment. 8 The fistula may remain unrecognised for a long time. 32 Pseudoaneurysms originate from a localised arterial wall disruption. 3 Additionally, partial contusion of a major vessel wall may lead to delayed haemorrhage and/or thrombosis. 9 
Presentation
Depending on the type of vascular trauma the injury may be immediately recognised or remain undetected for years. Hypotension during or after operation, is indicative of vascular injury and 16 postoperative hypotension with a dropping haematocrit also suggests bleeding requiring exploration. 32 The small rates of trauma bleeding result from a valve mechanism created by the elastic properties of the operated disc that prevent blood leakage. 6 Furthermore, blood leakage from the injured vessels would be expected to take the line of the least resistance into the retroperitoneal space or from an artery to a vein in case of AVF. 16 Abdominal distention is due to an expanding retroperitoneal haematoma and/or paralytic ileus may not be relied upon, as it was found in less than 20% of cases. 28, 33, 34 History of previous disc or abdominal operations leading to adhesions between the retroperitoneal vessels and vertebral bodies. 1, 2, 22 Disruption or degeneration of the anterior annulus fibrosus and anterior longitudinal ligament or peridiscal fibrosis, both associated with chronic disc pathology 3, 23, 24 Inappropriately deep intrusion of the``pituary rongeur'', which is however required in the presence of advanced disc disease. 25, 26 Improper positioning of the patient. 3, 4, 11, 13 Close proximity between the retroperitoneal vessels and the operated disc, which increases by the pillows placed under the abdomen in the prone position. 2, 27, 28 Vertebral anomalies like hypertrophic spurs may compress the vessels during the operation. 6, 29 Chronic AVF formation should be ruled out in the case of high output cardiac failure and/or lower leg oedema. 35, 36 The most common clinical symptom in a patient with AVF is dyspnoea on exertion. 4 Large AVFs lead to CHF, leg oedema and intermittent claudication. Ascites, hepatomegaly and anuria indicate severe cardiac decompensation. 1, 37 Scrotal and penile oedema have also been reported. 27 A machinery bruit is noted in the majority of patients. 26, 38 A bruit is sometimes heard from significant distance or by the patient himself. 13, 26 An abdominal thrill, narrow pulse pressure, diminished femoral pulses and decrease in the ankle/brachial index may be apparent. 22 Associated cardiomegaly is reversed after closure of the AVF. 22 In many cases AVF is simulating DVT or primary cardiac disease. 38 The development of highoutput cardiac failure in a young patient, who has recently undergone lumbar discectomy is almost diagnostic of traumatic AVF. 19, 39 Although dyspnoea and leg oedema may develop shortly after the discectomy, the diagnosis is sometimes missed and the patient is treated with diuretics. 38, 40 Consequently, about 25% of AVFs remain unrecognised even after one year has lapsed. This is attributed to: (a) mild or absent symptoms initially; (b) moderate symptoms attributed to primary cardiac disease, chronic venous insufficiency or DVT; (c) lack of careful physical examination and awareness of this complication and (d) presence of morbid obesity or IVC stenosis which prevent the auscultation of the classic machinery bruit.
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Diagnosis
The diagnosis is often rendered through imaging studies. The Doppler technique may provide useful information on systolic pressure and venous flow. 20 Ultrasound duplex examination was performed in 8 patients and intravascular ultrasound in one. 34 Angiography assisted in making the diagnosis and localized the lesion in 65 stable patients with AVF and/or pseudoaneurysm. 33, 42 In one unstable patient angiography plus embolisation of superior rectal artery laceration was performed. 10, 43 Computed tomography (CT scan), performed in only 17 patients, was diagnostic in one case of delayed AVF, where angiography was not performed. 9, 44 CT angiography was performed in 3 patients. 45 Emergent reoperation without any diagnostic examinations was performed in 28 cases. On the other hand, all three imaging studies, U/S, CT and angiography, were employed in an urgent basis to confirm the diagnosis in one case. 46 
Treatment
The classic surgical repair techniques vary with the type of injury (Table 4) .
Aorta and inferior caval vein lacerations were preferably repaired by lateral suturing. 2, 24, 47, 48 This approach is sometimes difficult to perform because the injury is located at the posterior wall. Therefore, suturing from inside after arteriotomy or graft interposition are alternative procedures. 6, 9 Large IVC injury is difficult to handle, even with the use of balloon catheters or sponge-stick compression. 3 Ligation may sometimes be necessary and must be preferred to a technically poor venous repair, which is likely to predispose to postoperative thrombosis and pulmonary embolism. 20 However, IVC ligation may lead to chronic venous insufficiency with leg oedema and recurrent cutaneous ulceration. 1 In case of aortocaval fistula the procedure of choice was suturing from inside after arteriotomy or venotomy (in one case) or AVF division and lateral suturing. 31 ,49±51 Endovascular therapy is also indicated and promising results have already been reported regarding treatment of aortocaval fistulas associated with abdominal aortic aneurysms. 52, 53 Repair of late aortic pseudoaneurysm requires excision and primary suturing or interposition grafting or alternatively transluminal patching. 13 Currently, successful endovascular treatment of aortic anastomotic pseudoaneurysms using stent-grafts has been reported. 54, 55 Iliac vessel lacerations were most frequently sutured directly. If suturing leads to arterial stenosis, development of thrombosis is impending and graft interposition or patch angioplasty are the preferred alternatives. 1 In one case thrombosis occurred one month after patch angioplasty and stenosis in another. 26, 29 The ureters should be inspected for integrity, because ureteral injuries coincident with vascular lacerations have, in the past, gone undetected. 13, 56 If a prosthetic graft is not available, extensive CIA damage could be repaired by means of an end-toend anastomosis with the contralateral hypogastric artery. 47 Any delay in treatment of arterial lacerations is usually fatal. 6, 16 Endovascular treatment with covered-stents is also effective, while lacerations of internal iliac arteries could be managed by endovascular embolisation. 57 In isolated lacerations of iliac veins, lateral suturing was widely used. If suturing leads to venous stenosis, venous patching with autologous saphenous vein patch is indicated for the fear of impending DVT. 20, 58 Ligation is reserved for severe vein damage. 10 In one case venous injury was managed conservatively. 6 For iliac arteriovenous fistulas (CIA±CIV or CIA±IVC) the preferred technique was arteriotomy along with suturing the lumen from inside and graft interposition. Alternative methods included resection of the fistula with primary closure of the vein and reconstruction of the artery by means of graft interposition or end-to-end anastomosis. Additionally, division of the fistula and lateral suturing was also frequently used. 59, 60 This was also performed in one case of AVF between the internal iliac artery and vein, 5 while in another case it was complicated by postoperative DVT. 2, 27 Simple ligation of the fistula is not indicated for the fear of recurrence. 26, 29 In one case delayed amputation was performed due to arterial ischaemia. 61 Concomitant IVC and/or CIV ligation is usually well tolerated, but sometimes may lead to transient leg oedema. 3, 4, 22, 51 To avoid IVC ligation, venous patching was also used. 20 These procedures are sometimes difficult, due to venous dilatation with numerous collateral vessels and severe fibrosis of the operative field. 20, 22, 27, 29 Rupture into an adherent jejunal segment at the suture line and sexual dysfunction are reported complications. 1, 2, 18, 22 The old technique of``quadruple ligation'' has been abandoned. 62 Stent-grafts have been recently used. 45, 63, 64 The lower risk compared to conventional repair of an a.v. fistula, makes endovascular management the preferred option. 64, 65 Endovascular management may also be preferable because of patient transfusion refusal for religious reasons. 15 One case of iliac pseudoaneurysm following lumbar discectomy was successfully treated with stent-graft placement. 15 This approach has also been proved effective in the management of iliac anastomotic pseudoaneurysms. 66 Other injuries: L4 lumbar artery was ligated in one case with L 3 -L 4 and L 4 -L 5 discectomies. 8 For injuries following L 5 -S 1 discectomy the techniques previously described were applied; while ligation of the inferior mesenteric, the median sacral artery or the internal iliac vessels, have also been reported. 1, 5, 9 Finally, embolisation of superior rectal artery laceration has been achieved by endovascular techniques. 10 The surgeon who performs discectomy should consider the following precautions: Use Shevlin's test. Fill the wound with irrigating saline: if it escapes rapidly through the disc space the annulus and anterior spinal ligament has been perforated increasing the risk of vascular injury. 67 Take into account any episode of intraoperative hypotension or bleeding. 1 Perform emergency laparatomy in the unstable patient suspected of vascular injury. 68 Auscultate the abdomen before discharge. 11 When examining patients with leg oedema /signs of cardiac insufficiency, enquire for history of previous discectomy and have a high index of suspicion of an a.v. fistula.
